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Alternative Maximization Test for Testing of Photoallergenic 
Potential of Topically Applied Products 
In the draft guidance for photosafety testing (posted January 7, 2000) it is encouraged to 
submit specific data that may help in evaluating the regulatory acceptance of human studies 
for evaluation of photosensitivity. We would like to bring to your attention an alternative to 
the widely used “photomaximization test” for identification of photoallergic contact sensitizers 
designed by Kaidbey and Kligman [6]. This model is still used for testing photoallergic 
potential for registration purposes. The proposed alternative design is based on recent 
knowledge about immunosuppressive effects of UV radiation, results obtained from animal 
models for testing photoallergenic potential and the principles set down by Kligman 
advocating maximization testing for allergenic potential. 

The pathogenesis of contact photoallergy and contact allergy is similar except that ultraviolet 
(UV) radiation is necessary for the induction and elicitation phase of a photoallergic response 
[I]. Radiant energy is required to produce a photoantigen which then induces the immune 
response [2]. Therefore the principles laid down by Kligman [3-51 for detecting contact 
allergens largely apply for detection of photoallergens. 

Kaidbey and Kligman published a photomaximization procedure for detection of 
photoallergens in 1980 [6]. The method is a modification of the maximization test for contact 
sensitizers described by Kligman and Epstein in 1975 [7]. In the photomaximization 
procedure [6] the test substance was applied for 24 hours followed by exposure to 3 Minimal 
Erythema Doses (MED) of solar simulated radiation twice weekly for 3 weeks in a panel of 
25 Caucasians. The subjects were challenged 10 - 14 days after the last exposure by 
application for 24 hours to a fresh area of normal skin followed by exposure to 4.0 J/cm* 
UVA. The test sites were assessed 48 and 72 hours later. 

Exaggerated drug exposure is achieved in both the maximization test for contact sensitizers 
and the photomaximization test by induction of inflammation at the test site. Chemical or 
physical inflammation, if not too severe, enhances contact sensitization [3]. The 
inflammatory reaction may serve to enhance the response to contact sensitizers by 
increasing the skin permeability [4,8,9], causing the release of inflammatory mediators at the 
test site [I 0] or promoting the recruitment of immunologically competent cells to the test site 
[8]. Kligman [4] assessed the effectiveness of various insults and concluded that 24 hour 
occlusive pretreatment with sodium lauryl sulfate (SLS) was superior to other methods, 
including irradiation with 2 MED. In fact, it was demonstrated that sharp UV erythema, 
without blisters or exudation, is scarcely better than application to normal skin [4]. In the 
photomaximization test described above SLS was not used since repeated exposures to 
3 MED resulted in intense inflammatory reactions by the second exposure [6]. 

In the alternative test procedure described here an optimized photomaximization test design 
is presented which takes into account the principles for a maximization test as set down by 
Kligman [4,5] while allowing for more recent developments in irradiation biology. The major 
modification of the photomaximization design by Kaidbey and Kligman [6] is the use of SLS 
to induce irritation in the test sites rather than induction of inflammation by repeated doses of 
erythemagenic radiation. 

On the basis of current knowledge on the suppressive effects of UV irradiation on the skin’s 
immune response [I l-l 91, there is a need for a modification in the Kaidbey and Kligman test 
design [6]. Low doses of UVB radiation in humans lead to a reduction in effective 
sensitization [I 1 ,I 21 as well as an enhancement of tolerance to topically applied antigens 
[12]. The suppressive effect of UVB on the induction phase of contact hypersensitivity is 
evidenced when a chemical hapten is applied on irradiated skin. The effect is probably 
initiated by a direct effect of UVB on Langerhans cells, the major antigen-presenting cells in 



the skin, which results in reduced antigen-presenting capacity [I 91. In addition to effects on 
Langerhans cells, a population of UV-induced macrophages appears in UV-exposed 
epidermis in humans [20] which are responsible for the preferential activation of suppressor 
cells [21]. 

Evidence for the impairment of Langerhans cell function following in vivo irradiation of 
human skin with 3 MED UVB was recently reported by Dittmar et al [18]. Cooper et al. [12] 
convincingly demonstrated that UV exposure in humans results in highly significant, dose- 
responsive decreases in immunologic responsiveness which leads to diminished ability to 
mount a form of delayed-type hypersensitivity (contact sensitivity) if the initial immunization 
occurs in UV-exposed skin. These authors assessed dinitrochlorbenzene (DNCB) contact 
sensitivity in human skin following administration of four repeated doses of suberythema- 
genie (0.75 MED) and erythemagenic (2 MED) UVB. There was a reduction in the frequency 
of strongly positive responses from 73 % in the control group to 5 % in the group receiving 
2 MED and to 32 % in the group receiving 0.75 MED. Significant reductions in Langerhans 
cells and an increase in CD1 a‘DR’macrophages were measured in punch biopsies from the 
subjects receiving the erythemagenic doses [12]. 

The need for radiation in the UVA (320-400 nm) range for the induction and elicitation of a 
photoallergic reaction is well established. The UVA dosages proposed in the accompanying 
protocol are within the accepted margins [22]. In contrast, the need for UVB radiation at all 
is controversial [discussion in 11. It has been speculated that the nonspecific skin damage 
induced by UVB is responsible for the enhancement of photoallergy in some experimental 
models [I]. For example, in one study UVA and UVB radiation during the induction phase 
were necessary for the induction of a photoallergy to tetrachlorosalicylanilide (TCSA) in 
guinea pigs [23]. In other studies a photoallergic response to TCSA could be induced in 
guinea pigs with UVA only when the induction sites were pretreated with Freunds’ adjuvant 
[24] or the irritant SLS [9]. In order to optimize this test design we have included one test 
field which will be irradiated with 10 J/cm2 UVA alone and one field which will be irradiated 
with 10 J/cm2 UVA 
and approximately 0.75 MED UVB. This is in keeping with the suggestion for screening of 
photoallergenic potential made by Gerberick and Ryan [I]. These authors concluded that 
when using the mouse ear swelling photoallergic protocol, UVB and UVA radiation should be 
included for both the induction and challenge phases to obtain an optimal photoallergic 
response. These authors intentionally employed low UVB doses in this model, minimizing 
the risk of immunosuppressive effects. 

We have performed the modified test design for photomaximization using 2 % SLS and 
suberythemagenic UV doses on several occasions. Scoring of the degree of irritancy during 
the induction phase ensures that sufficient irritant reactions are present for a maximization 
procedure. Further, no intense inflammatory reactions occur such as the reactions 
necessarily induced in the original photomaximization procedure [6]. Kaidbey and Kligman 
described the reactions occuring during the induction phase as follows: 

“Intense inflammatory reactions developed by the second exposure as would be 
expected from repeated three MEDs of sunburning radiation. An intense 
erythema was present after the first week. In very fair individuals, blistering 
occasionally developed after the second or third exposure, following which the 
epidermis peeled off. Erythema, edema and crusting were present by the end 
of the second week. Scaling and pigmentation developed during the third 
week.“ 

In light of the discomfort which must accompany such reactions, even if limited to small 
treatment sites, as well as possible undefined adverse effects which may accompany 
repeated irradiation with clearly immunosuppressive doses of UVB, the photomaximization 
procedure proposed in the accompanying protocol is clearly superior to designs utilizing 
higher MEDs. 



In conclusion, the optimization of designs for testing of sensitization and photosensitization 
potential in humans can only be achieved on the basis of literature review and ethical issues. 
On the basis of current knowledge as well as for ethical reasons, the use of repeated doses 
of 2-3 MED UVB radiation should be avoided when testing photosensitizing potential. The 
method presented here provides an alternative to the Kaidbey and Kligman model [6] which 
is scientifically sound. A publication outlining the advantages of the model presented here is 
in preparation. 



Experimental Procedure 

Subjects 

Twenty-four healthy adult male or female volunteers ranging in age from 18 to 50 years 
participate per panel. All subjects should be Caucasian with skin types I, II or III. Exclusion 
criteria include moderate to severe acne, suntan, eczema, hyperpigmentation or tattoos in 
the test fields; history of hypersensitivity to the study medication or to drugs with similar 
chemical structures or to other components of the study medication; history of 
hypersensitivity to the adhesive tape used to fix the test chambers; treatment with systemic 
or locally acting medications which might counter or influence the study aim within two 
weeks before the beginning of the study or during the study (e.g. antihistamines, 
glucocorticosteroids, potentially photosensitizing drugs such as thiazides, non-steroidal anti- 
inflammatories, sulfonamides, tetracycline, etc.); multiple pigment nevi; or a known 
hypersensitivity to light (UVA, UVB) or a photodermatosis. 

Light source and exposures 

The radiation source for UVA light is a metal halide sun simulator UVASPOT 1000 with HI 
filter for pure UVA light (manufactured by Dr. Hoenle, Martinsried, Germany). A surface 
dose of 10 J/cm2 which is beneath the minimal erythema dose for UVA is used during the 
induction phase. During the challenge phase 5 J/cm* UVA is used. Exposure intensity is 
40 mW/cm2 UVA. To set this intensity the distance of the source from the plain of the 
surface which is to be irradiated is adjusted before every irradiation series using a UVA/B 
meter (UVA/B meter, manufactured by Dr. Hoenle, Martinsried, Germany). 

The radiation source for UVB light is a UV 800 lamp (Waldmann, Villingen-Schwenningen, 
Germany). The MED for a fair-skinned individual is used to calculate the time required to 
achieve 0.75 MED. The same irradiation time is used in all individuals since small variations 
in irradiation intensity are not relevant for induction of photosensitization reactions. Even 
surface lighting with an intensity of 2 mW/cm* UVB is used. To set the required intensity the 
distance of the source from the plane of the surface to be irradiated is adjusted before every 
irradiation series with a UVA/B meter (UVA/B meter, manufactured by Dr. Hoenle, 
Martinsried, Germany). 

Induction 

During the induction phase three test sites on the back are treated with each test product. 
Before each application of the test products the test fields are treated with sodium lauryl 
sulfate 2 % (SLS). The SLS is pipetted into Finn@ Chambers (18 mm inside in diameter) 
containing a filter paper and then applied to the back. The test chambers are fixed in place 
using adhesive tape. Twenty-four hours later the chambers are removed and approximately 
200 ~1 of each test product is applied to the three sites in fresh Finn@’ Chambers. Tuberculin 
syringes are used for dosing. The occlusive coverings are removed from two of the sites 24 
hours later and the sites are cleansed by gently wiping with a soft disposable tissue. These 
two sites are then irradiated with 10 J/cm* UVA. Subsequently one of these sites is 
additionally exposed to approximately 0.75 minimal erythema dose (MED). Following the 
irradiation the occlusive covering is removed from the third site and this site is cleansed. 
This sequence is repeated twice weekly over three weeks for a total of six treatments and six 
UV exposures. Treatments are always applied to the same test sites. The first treatment 
cycle begins on a Monday with application of SLS. On Tuesday the test products are 
applied. Following irradiation on Wednesday the second treatment cycle is begun without a 
rest period. Following irradiation on Friday the irradiated sites are left open until the 
following Monday. The nonirradiated field is covered with a nonocclusive light impermeable 
bandage during this rest period. 



Challenge 

The subjects are challenged 1 O-l 7 days after the last exposure. During the challenge phase 
SLS 5 % is applied occlusively for one hour to three fresh test sites on the back. The 
chambers are then removed and approximately 200 ~1 of each test product is applied to the 
three sites in fresh Finn” Chambers. Twenty-four hours later the occlusive coverings are 
removed from all three sites and the areas are gently wiped clean with a soft disposable 
tissue. One of the sites is immediately covered with a nonocclusive light impermeable 
bandage which remains in place between clinical assessments for the duration of the test 
period. The other two sites are then irradiated with 5 J/cm2 UVA. Subsequently one of 
these sites is additionally exposed to approximately 0.75 MED. 

Clinical assessment 

During the challenge phase dermal reactions are scored immediately, 24, 48 and 72 hours 
following irradiation according to the following five-point scale: 

0 = no reaction 
1 = erythema 
2 = erythema with infiltration 
3 = erythema with papulovesicles 
4 = erythema with blisters, blebs, erosions 

The same scale is used to assess the treatment fields following each of the six treatment 
cycles during the induction phase. During this phase it is expected that an irritant reaction 
with reddening will be induced by application of SLS. The assessment scores recorded 
during the induction phase only serve to document the presence of the desired irritant 
reactions and are not relevant to the assessment of allergenic potential. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Gerberick GF, Ryan CA. Use of UVB and UVA to induce and elicit contact photoallergy 
in the mouse. Photodermatol Photoimmunol Photomed 1990; 7: 13-I 9. 

Gould JW, Mercurio MG, Elmets CA. Cutaneous photosensitivity diseases induced by 
exogenous agents. J Am Acad Dermatol 1995; 33: 551-573. 

Kligman AM. The identification of contact allergens by human assay, I. A critique of 
standard methods. J Invest Dermatol 1966; 47: 369-374. 

Kligman AM. The identification of contact allergens by human assay, II. Factors 
influencing the induction and measurement of allergic contact dermatitis. J Invest 
Dermatol 1966; 47: 375-392. 

Kligman AM. The identification of contact allergens by human assay, III. The 
maximization test: A procedure for screening and rating contact sensitizers. 
J Invest Dermatol 1966; 47: 393-408. 

Kaidbey KH, Kligman AM. Photomaximization test for identifying photoallergic contact 
sensitizers. Contact Dermatitis 1980; 6: 161-l 69. 

Kligman AM, Epstein W. Updating the maximization test for identifying contact allergens. 
Contact Dermatitis 1975; 1: 231-239. 

Granstein RD, Morison WL, Kripke ML. The role of UVB radiation in the induction and 
elicitation of photocontact hypersensitivity to TCSA in the mouse. J Invest Dermatol 
1983; 80: 158-l 62. 

Horio T. The induction of photocontact sensitivity in guinea pigs without UVB radiation. 
J Invest Dermatol 1976; 67: 591-593. 

10. Polla L, Margolis R, Goulston C et al. Enhancement of the elicitation phase of the 
murine contact hypersensitivity response by prior exposure to local ultraviolet radiation. 
J Invest Dermatol 1986; 86: 13-17. 

11. Yoshikawa T, Rae V, Bruins-Slot W et al. Susceptibility to effects of UVB radiation on 
induction of contact hypersensitivity as a risk factor for skin cancer in humans. 
J Invest Dermatol 1990; 95: 530-536. 

12. Cooper KD, Oberhelman L, Hamilton TA, et al. UV exposure reduces immunization 
rates and promotes tolerance to epicutaneous antigens in humans: Relationship to 
dose, CDla-DR+ epidermal macrophage induction, and Langerhans cell depletion. 
Proc Natl Acad Sci USA 1992; 89: 8497-8501. 

13. Tokura Y. Mechanisms of local, low-dose UVB induced immunosuppression in contact 
hypersensitivity. J Dermatol 1992; 19: 923-931. 

14. Tseng C, Hoffman B, Kurimoto I, et al. Analysis of effects of ultraviolet B radiation on 
induction of primary allergic reactions. J Invest Dermatol 1992; 98: 871-875. 

15. Tie C, Golomb C, Taylor JR, et al. Suppressive and enhancing effects of ultraviolet B 
radiation on expression of contact hypersensitivity in man. J Invest Dermatol 1995; 
104: 18-22. 

16. Cruz PD Jr. Effects of UV light on the immune system: Answers to five basic questions. 
Am J Contact Dermatitis 1996; 7: 47-52. 

17. Di Nuzzo S, Sylva-Steenland RMR, de Rie MA, et al. UVB radiation preferentially 
induces recruitment of memory CD4+ T cells in normal human skin: Long-term effect 
after a single exposure. J Invest Dermatol 1998; 110: 978-981. 



18. Dittmar HC, Weiss JM, Termeer CC, et al. In viva UVA-1 and UVB irradiation 
differentially perturbs the antigen-presenting function of human epidermal Langerhans 
cells. J Invest Dermatol 1999; 112: 322-325. 

19. Meunier L. Ultraviolet light and dendritic cells. Eur J Dermatol 1999; 9: 269-75. 

20. Cooper KD, Neises GR, Katz SI. Antigen-presenting OKM5+ melanophages appear in 
human epidermis after ultraviolet radiation. J Invest Dermatol 1986; 86: 363-370. 

21. Baadsgaard 0, Salvo B, Mannie A, et al. In vivo ultraviolet-exposed human epidermal 
cells activate T-suppressor cell pathways that involve CD4+CD45RA+ suppressor- 
inducer T cells. J lmmunol 1990; 145: 2854-2861. 

22. Hasan T, Jansen CT. Photopatch test reactivity: effect of photoallergen concentration 
and UVA dosaging. Contact dermatitis 1996; 34: 383-386. 

23. Cripps DJ, Enta T. Absorption and action spectra studies on bithionol and halogenated 
salicylanilide photosensitivity. Br J Dermatol 1970; 82: 230-242. 

24. Harber LC, Armstrong RB, lchikawa H. Current status of predictive animal models for 
drug photoallergy and their correlation with drug photoallergy in humans. 
J Natl Cancer lnst 1982; 69: 237-244. 



cc 
4 

- 




